United States Patent

US007210562B2

US 7,210,562 B2

(12) (10) Patent No.:
Morii et al. 45) Date of Patent: May 1, 2007
(54) OIL PAN STRUCTURE FOR FOUR-CYCLE 5,544,632 A *  8/1996 Choate .....ccreerueneen 123/195 C
ENGINE 6,058,898 A * 5/2000 Freese, V .. 123/195 C
6,237,720 B1*  5/2001 Sutton ..........cccccceeeeen. 184/106
(75) Inventors: Hideshi Morii, Shizuoka (JP), Osamu 2001/0037788 Al* 11/2001 Okuda et al. ........... 123/195 C
Sekimoto, Shizuoka (JP) 2004/0084250 Al*  5/2004 Morii et al. ...coccoo....... 184/106
(73) Assignee: Suzuki Motor Corporation, Shizuoka
(P) FOREIGN PATENT DOCUMENTS
) ) o ) P 2001-193559 Al 7/2001
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 453 days. * cited by examiner
(21)  Appl. No.: 10/618,422 Primary Examiner—David M. Fenstermacher
(74) Attorney, Agent, or Firm—Darby & Darby
(22) Filed: Jul. 11, 2003
57 ABSTRACT
(65) Prior Publication Data
US 2004/0084250 Al May 6, 2004 An oil pan structure for a four-cycle engine, in which oil
stored in an oil pan is sucked up by an oil pump through an
oreign ication Priori ata oil strainer and in which oil lubrication is performe
30 Foreign Application Priority D il i d in which oil lubrication is perf d by
} supplying the sucked oil again to each of parts of the engine
Nov. 5,2002  (JP) e 2002-321450 {0 be lubricated. Tn this oil pan structure, a bottom pottion of
(51) Int. Cl the oil pan is formed nearly like a bowl by being swelled to
Fi1 &N 3 1/00 (2006.01) a side, which is opposite to a crankcase, from an attaching
(52) US.Cl ’ 184/106: 123/196 A peripheral portion, to which a crankcase lower-part is
53 F'- l‘d fCl """ ) ﬁ """ e S """" h ’ 1847106 attached, toward a central portion thereof. An oil pan cover
(58)  Field of Classification 1§Z/r6c 5 4123/195 C. 196 A: covering a part of the bottom portion is separately provided
S lication file f 1 ’ b hi ’ thereon. Oil passages and are formed from the oil pan cover
ee application file for complete search history. and the bottom portion. An oil introduction opening portion
(56) References Cited and an oil suction opening portion 82 are formed in the
bottom portion.
U.S. PATENT DOCUMENTS
5,199,395 A *  4/1993 Mizumura et al. .... 123/196 AB 5 Claims, 8 Drawing Sheets
FRONT
10§b f 82 96
/_‘\ O
{4 , © :r
|
[
t ~109b
[
b
| theas
[
! ! COP RIGHT
| ’
LEFT (O) | i
-— -
\l\j—”_\97
109b




US 7,210,562 B2

Sheet 1 of 8

May 1, 2007

U.S. Patent




U.S. Patent May 1, 2007 Sheet 2 of 8 US 7,210,562 B2

25
-
Q\ — REAR

Jus]
— o
AW @
© \ il
o ) Il
< ©
~ It
oY :l N
~ |
N | 2225 | ~
[T L
[ ly S
A i )
(W4 O
V-3 1
ol —8
© — R w0
Nl N <
©
5 \
™ ® i
© © N al
Al 3 \
< N A
- N
O M
S
— 5 N [@)]
L “
™ A L\\‘m
\ ¥
N
g)) ) L \
©
(Y] o
fo}) ~ O ¥,J°
N b sl

30

11
11b

11c

FRONT



U.S. Patent

FRONT

May 1, 2007 Sheet 3 of 8

US 7,210,562 B2

4
33 3
32
45
N o )
Bt , 72
- ]'f \~A"'\,\\ [
g b !
Nt ;
50 -~ ; F— AN
, A
7 6
,/ - H_J
38" ; ) 5
85
82 9 90 gy 81
91c ¢



US 7,210,562 B2

Sheet 4 of 8

May 1, 2007

U.S. Patent

Hv3H

—m/

6 —~_.

N\)II’\

1NOHA



US 7,210,562 B2

Sheet 5 of 8

May 1, 2007

U.S. Patent

6 2>\Woo o1
6 €6 / L
I R Y s = P
e Wilﬁ_flllﬂ
L
A Tal [T
w7 ol | jy
|
dn
¢ Ol



US 7,210,562 B2

Sheet 6 of 8

May 1, 2007

U.S. Patent

2

\
— e e = —— ) = e = A ——— ——
| R

O
~ /-\—
-’

a6
e O

(o]
(o]

90l



US 7,210,562 B2

Sheet 7 of 8

May 1, 2007

U.S. Patent

Y6l 261 NMOQ €61

| i 26l V6!
, eo 5; W s61

\ ! 1 / \\
601 Vo L
\ 1 ] ._ ’
7 —— =\ Y
M NN
i L L4 a1

N\I

1HOIH




US 7,210,562 B2

Sheet 8 of 8

May 1, 2007

U.S. Patent

o7 o7
86-- =D
[ 261
g 9601
@ 2
H
)
- I
LHOIH OM b
[
N
|
|
]
F
4601~ -
“ |
; vy
O \e s
\OF u.
96

q601

{O) 1437

INOYH4

8 Ol



US 7,210,562 B2

1

OIL PAN STRUCTURE FOR FOUR-CYCLE
ENGINE

BACKGROUND OF THE INVENTION

The present invention generally relates to a four-cycle
engine and, more particularly, to an oil pan structure effec-
tive in a four-cycle engine, in which oil lubrication is
performed by a forced oil feed method.

In recent years, demands for exhaust emission control and
improvement of fuel economy against environment prob-
lems have promoted the employment of four-cycle engines
to be mounted on vehicles.

However, the four-cycle engine requires an oil pan to be
provided in a lower part thereof so as to perform oil
lubrication of each part of the engine. Thus, the four-cycle
engine has a problem in that the outside dimension thereof
is large, as compared with that of a two-cycle engine.

Therefore, it is desired that a four-cycle engine to be
mounted on a vehicle, such as a small snowmobile, which
has limited storage space, is small and saves space as much
as possible.

Hereinafter, oil lubrication to be performed in a conven-
tional four-cycle engine is described.

The oil lubrication to be performed in the conventional
four-cycle engine has the following steps. That is, oil fed by,
for example, an oil pump to each of parts to be lubricated
runs down after the lubrication. Then, the oil is stored in an
oil pan provided in a lower part of the engine. Subsequently,
the stored oil is sucked by the oil pump, and fed to each of
the parts to be lubricated.

Dry sump method and a wet sump method are known as
the oil lubrication methods for a four-cycle engine.

The wet sump method is adapted so that all oil is stored
in an oil pan provided in a lower part of a crankcase, that the
oil is fed from the oil pan by the oil pump to each of the parts
to be lubricated in the engine, and that return oil completed
the lubrication is stored again in this oil pan.

On the other hand, the dry sump method is adapted so that
the oil tank separated from an engine body is provided, that
return oil stored in the oil pan upon completion of the
lubrication is sucked by an oil pump, and then fed to the oil
tank, and that the oil is fed by another oil pump from the oil
tank to each of parts to be lubricated.

That is, according to the dry sump method, there is no
need for storing all oil in the lower part of the engine. Thus,
as compared with the wet sump method, the capacity of the
oil pan can be reduced. Consequently, the dry sump method
has merit in that the height of the engine can be reduced.

Hitherto, there has been proposed an apparatus configured
by modifying an oil pan in such a way as to prevent the oil
pan from interfering with other constituent parts arranged in
the lower part of a four-cycle engine, so as to save space
accommodating the engine in the case of mounting the
engine employing the wet sump method on, for instance, a
vehicle, such as a small snowmobile, which has limited
space for accommodating the engine (see the patent docu-
ment: Japanese Application Publication Number: 2001-
193559 (KOKAT 2001-193559) pages 3 to 4, and FIG. 1).

However, according to the aforementioned conventional
art apparatus, the engine can be mounted by modifying the
oil pan in such a way as to have a small height, while the
capacity of the oil pan itself is unchanged, so that the size of
an engine body is substantially unchanged.

Then, the capacity of the oil pan can be reduced by
employing the dry sump method as a method for performing
oil lubrication in the engine. However, the conventional art
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apparatus has problems in that when the capacity of the oil
pan is reduced, the routing of an oil strainer to be installed
in an intake pump (that is, as cavenging pump) becomes
complicated, so that the oil strainer is subjected to shape
constraints.

Further, because the intake pump feeds oil to the separated
oil tank, it is necessary that the capacity of the intake pump
is more than that of a supply pump (that is, a feed pump) for
supplying oil to each of parts of the engine, which are to be
lubricated, and that the oil strainer ensures a section area
sufficient to the extent that the oil strainer can be prevented
from causing intake resistance.

For example, when the oil strainer is formed from a pipe
member, the oil strainer is subjected to pipe-diameter and
routing constraints because it is impossible to form the oil
strainer into a steeply curved shape. Further, when the oil
strainer is formed by resin molding or casting, the apparatus
has a problem in that the structure of a stationary part of the
oil strainer becomes complicated so as to be prevented from
being damaged owing to vibrations thereof.

Moreover, in the case of an engine to be mounted on a
snowmobile, an oil filter is disposed in front of the engine
owing to maintainability. Therefore, it is difficult to dispose
the oil pump at the engine’s rear portion in which the
placement of an oil gallery is difficult. With such configu-
ration, when the engine is mounted thereon during a state in
which the engine is backwardly tilted, it is difficult to ensure
the oil passage led to the scavenging pump.

SUMMARY OF THE INVENTION

The invention is accomplished in view of the problems of
the convention alart. Accordingly, an object of the invention
is to provide an oil pan structure for a four-cycle engine
enabled to reduce the height of the engine by constructing a
space-saving oil passage with a simple configuration, and as
to have good workability.

The invention relates to an oil pan structure for a four-
cycle engine to be mounted on a compact vehicle, such as a
motor cycle or a snowmobile. According to the invention,
there is provided an oil pan structure for a four-cycle engine
configured so that an oil pan is provided in a lower part of
a crankcase, that the oil stored in the oil pan is sucked by an
oil pump through an oil strainer, and that oil lubrication is
performed by supplying the oil again to each of parts to be
lubricated. In this structure, a bottom portion of the oil pan
is formed by being swelled nearly like a bowl to a side
opposite to the crankcase from an attaching peripheral
portion toward a central portion. A cover member covering
a part of the bottom portion is separately provided on a
swelled portion of the bottom portion. An oil passage is
formed from the cover member and the bottom portion. An
oil introduction opening portion, which communicates the
oil passage to inside of a crankcase, and an oil suction
opening portion, in which a communication member com-
municating the oil passage to the oil pump is provided, are
formed in the bottom portion.

Further, preferably, in the oil pan structure according to
the invention, the oil strainer is provided on the oil passage.
Especially, when the oil strainer is provided in the vicinity
of the oil introduction opening portion, favorable workabil-
ity is obtained.

Moreover, it is preferable that in the oil pan structure
according to the invention, the communication member has
a pipe member communicating the oil pump to the oil
passage, that an end of the pipe member is integrally
attached to the oil pump, and that the other end of the pipe
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member is detachably attached to the oil suction opening
portion through a seal member.

Furthermore, preferably, in the oil pan structure according
to the invention, a coolant water passage is formed in an
outer circumferential portion of the oil passage.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view illustrating the entire configuration
of a snowmobile employing an oil pan structure for a
four-cycle engine according to a first embodiment of the
invention.

FIG. 2 is a side sectional view illustrating the configura-
tion of a front portion of the vehicle body of the snowmobile.

FIG. 3 is a side view illustrating the configuration of an
engine according to this embodiment, taken from the left
side thereof.

FIG. 4 is a partially sectional view illustrating the con-
figuration of an oil pan of the engine.

FIG. 5 is a view taken along an arrow A in FIG. 3.

FIG. 6 is a plan view illustrating the oil pan taken from
below.

FIG. 7 is a side view illustrating the configuration of an
oil pan structure for a four-cycle engine according to a
second embodiment of the invention.

FIG. 8 is a plan view illustrating the configuration of the
oil pan which is taken from below according to a second
embodiment of the invention.

DESCRIPTION OF THE PREFFERRED
EMBODIMENT

Hereinafter, a first embodiment of the invention is
described in detail by referring to the drawings.

FIGS. 1 to 5 illustrate the first embodiment of an oil pan
structure for a four-cycle engine according to the invention.
FIG. 1 is a side view illustrating the entire configuration of
a snowmobile employing an oil pan structure for a four-
cycle engine according to the embodiment of the invention.
FIG. 2 is a side sectional view illustrating the configuration
of a front portion of the vehicle body of the snowmobile.
FIG. 3 is a side view illustrating the configuration of an
engine according to this embodiment, taken from the left
side thereof. FIG. 4 is a partially sectional view illustrating
the configuration of an oil pan of the engine. FIG. 5 is a view
taken along an arrow A in FIG. 3. FIG. 6 is a plan view
illustrating the oil pan taken from below.

In the figures, the same reference character designates the
same constituent element.

This embodiment is obtained by constructing an oil pan
structure for a four-cycle engine according to the invention
in an engine 2 to be mounted on what is called a snowmobile
1 serving as a small snow vehicle.

First, the configuration of the snowmobile 1 according to
this embodiment is described herein below.

As shown in FIG. 1, in the snowmobile 1, paired left and
right skis 13 are turnably installed in a frame front part (that
is, an engine mount frame) 11 of a front portion of a vehicle
body of a vehicle body frame 10 extending in a frontward-
rearward direction. Drive crawler for circulating a track belt
15 is placed at a lower portion of a frame rear part 12 of a
rear portion of the vehicle body. The crawler 16 has a drive
wheel 17 placed at the front end of a frame rear portion 12,
a driven wheel 18 placed at the rear end thereof, a plurality
of middle wheels 19, a suspension mechanism 20, and the
track belt 15, which circulates by being wound around each
wheel.
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The vehicle body frame 10 is formed in such a way to
have a monocoque frame structure. In the frame front part
11, on which the engine 2 is mounted, a part provided
frontwardly of a main part 11a is formed in such a manner
as to upwardly project. Moreover, a front suspension hous-
ing 115 for accommodating an upper part of a front suspen-
sion 13a supporting the steering skis 13 is formed therein.

The frame rear portion 12 is provided in such a way as to
extend in the frontward-rearward direction of the vehicle
body to the rear end portion, and serves a cover accommo-
dating the entire crawler 16 thereunder. A saddle-like sheet
22 is placed above the frame rear portion 12. Steps 23 are
provided on both sides in the direction of vehicle-body-
width of the sheet 22 in such a way as to be lower by one
level.

A steering post 25 is erected nearly at a central portion of
the vehicle body, which is located between the sheet 22 and
the frame front part 11. A steering 26 is provided at the top
portion of the steering post 25 in such a way as to be slightly
and backwardly tilted and as to extend horizontally in a
lateral direction. A steering tie-rod 25a for connecting the
steering post 25 to the steering skis 13 is attached to the
bottom portion of the steering post 25. The steering skis 13
are operated by the steering 26 through the steering post 25.

In the frame front part 11, an instrument panel 27 is
provided in the vicinity of and frontwardly of the steering 26
in such a way as to cover an upper portion of the frame front
part 11. Measuring meters, such as a speed-meter/tachom-
eter 27a, are attached to the instrument panel 27.

A windshield 28 is erected in such a manner as to
surround the frontward and outer circumferential portion of
the instrument panel 27 and as to extend from the front to
both sides so that the top edge thereof is backwardly tilted.
Further, an engine hood 29 is formed at the front side of the
instrument panel 27 in such a manner as to be nearly
streamlined in a gradual decline from the base of the
windshield 28 to the front thereof and as to be shaped nearly
like a reversed ship bottom.

The engine hood 29 is provided in front of the instrument
panel 27, and formed in such a manner as to extend from a
position, which is lower than the front end portion of the
instrument panel 27 by one step, to the tip end portion
thereof. A headlight 31 for forward illumination is provided
at a step-like portion between the engine hood 29 and the
instrument panel 27. An engine room 30 is formed under the
instrument panel 27 and the engine hood 29, which are
provided in this manner.

A heat exchanger 80a is provided in the engine room 30
in such a way as to face and extend nearly in parallel to the
track belt 15 frontwardly and downwardly of the frame rear
part 12 and upwardly in the vehicle traveling direction of the
crawler 16. A front-side heat exchanger 805 is provided in
such a way as to face the track belt 15 in front of the front
side in the vehicle traveling direction of the crawler 16 in a
state in which the top portion of this exchanger is slightly
and backwardly tilted. Each of the heat exchangers 80a and
805 is almost rectangular when seen in a plan view.

Next, the configuration of the engine according to this
embodiment is described in detail hereinbelow.

As shown in FIGS. 1 and 2, the engine 2 is placed nearly
at a central portion in the engine room 30 formed in the
frame front part 11 constructed at the front portion of the
vehicle body of the snowmobile 1 and in the proximity of a
portion located under the steering post 25 so that a cylinder
3 is tilted backwardly in the traveling direction of the
snowmobile (that is, so that the center of a cylinder head 4
located behind a crankshaft 8).
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As shown in FIGS. 2 and 3, the engine 2 is a water-cooled
four-cycle engine in which four cylinders are placed in
parallel in the direction of width of the vehicle body (that is,
the crankshaft 8 is placed by being directed in the direction
of width of the vehicle body). The engine 2 is placed nearly
at the central portion of the vehicle body front part of the
snowmobile 1 in a condition in which a part thereof at the
side of the cylinder 3 is tilted in the backward direction of
the vehicle body.

A cylinder head 4 is provided above the cylinder 3.
Exhaust tube (that is, an exhaust pipe) 33 extending to the
front of an exhaust port and then turning downwardly to the
bottom portion of the engine 2 is provided at a front portion
of'the cylinder head 4. An oil tank 11c¢ is placed frontwardly
of the exhaust pipe 33 above the front suspension housing
1156 formed at the bottom part of the main portion of the
frame front part 11.

Intake path including an intake passage 35, a throttle body
36, and an air cleaner box 37is provided behind the cylinder
head 4 frontwardly of the steering post 25, that is, between
the body of the engine 2 and the steering post 25.

The intake passage 35 is placed at a position higher than
the cylinder head 4, and constituted by a “downdraft system”
according to which air supplied to an intake port (not shown)
is blown down from above, and juxtaposed with the steering
post 25.

A part of the intake path including the throttle body 36 is
placed a position higher than the cylinder head 4, and placed
in a space within the engine room 30 formed behind the
headlight 31 under the instrument panel 27 above the engine
2.

As illustrated in FIG. 3, a crankcase 5 is provided under
the cylinder 3. The crankcase 5 is constituted by employing
a split construction that has a crankcase upper-part 6 and a
crankcase lower-part 7, which integrally constitute the cyl-
inder 3. In the crankcase 5, the crankshaft 8 is placed almost
in parallel with the direction of width of the vehicle body. An
oil pan 9 is provided under the crankcase lower-part 7 in a
state in which the oil pan 9 is placed in the vicinity of the
bottom portion (or bottom surface) of the engine room 30.

A starter motor 45 is placed behind the cylinder 3 and
under the intake passage 35 on the right side in the direction
of'vehicle body width rearwardly of the crankcase 5. That is,
the starter motor 45 is placed rearwardly of the crankshaft 8.
Further, a flywheel magneto (not shown) is provided on the
right-side wall of the crankcase 5 in such a way as to be
concentrically with the crank shaft 8.

A water pump 50 is disposed at a place nearly opposed to
the starter motor 45 across the cylinder 3 under the exhaust
pipe 33. That is, the water pump 50 is disposed frontwardly
of the crank shaft 8.

Oil pump 38 is provided on the left side in the direction
of vehicle body width frontwardly of the crankcase 5
concentrically with the water pump 50 nearly in parallel
with the crankshaft 8. Oil filter 32 having an interpolation oil
filter member for cleaning oil, which is fed from a feed pump
(not shown), before being sent to each of parts of the engine
is provided above the oil pump 38 in such a manner as to
upwardly project.

As shown in FIGS. 4 and 5, the oil pan 9 is attached to the
bottom surface portion of the crankcase lower part 7. The
bottom portion 9a of the oil pan 9 is formed in such a way
as to be swelled to a side opposite to the crankcase (that is,
in the downward direction, as viewed in these figures) from
an attaching peripheral portion 95, to which the crankcase
lower-part 7 is attached, toward a central portion.
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The bottom portion 9a is formed in such a manner as to
be most swelled in a direction from the rear side of the
almost central portion extending in the direction of vehicle
body width to the front side. In this portion extending in such
a direction, a concave oil passage 9c¢ shaped like a cylin-
drical face protruded to a crankcase (that is, is concave to the
crankcase side, as viewed in an external view).

The oil passage 9¢ has a rear end portion, in which an oil
introduction opening portion 81 communicating the oil
passage 9¢ with the inside of the crankcase is formed as an
opening, and also has a front end portion in which an oil
suction opening portion 82 is formed at a place opposed to
the oil pump 38.

A joint 85 serving as a communication member, which
communicates the oil passage 9¢ with the oil pump 38, is
provided in the oil suction opening portion 82.

The joint 85 comprises a pipe portion 86, which commu-
nicates the oil passage 9¢ with the oil pump 38, and a flange
portion 87 integrally provided at an end 86a of the pipe
portion 86.

Further, in the joint 85, the flange portion 87 is integrally
mounted to the oil pump 38 with mounting bolts 88. The
other end 8654 of the pipe portion 86 is detachably attached
to the oil suction opening portion 82 through O-ring 89
serving as a seal member provided at the inner-diameter side
of the oil suction opening portion 82. Moreover, the open-
ing-side flange portion 874 is integrally provided in such a
way as to abut against the end portion of the oil suction
opening portion 82.

Oil strainer mounting groove 94 for placing the oil
strainer 90 is formed in the vicinity of the oil introduction
opening portion 81 of the oil passage 9¢ so that the inner
circumferential surface of the oil passage 9c¢ is depressed
like a groove extending in the circumferential direction.

Incidentally, reference character 9¢ designates a mounting
flange portion for mounting an oil pan cover 91 (to be
described later).

The oil pan cover 91 for covering the oil passage 9c¢
formed in the bottom portion 9« is provided in the swelled
bottom portion 9a.

The oil pan cover 91 is formed separately from the oil pan
9. As shown in FIG. 4, a part opposite to the oil passage 9¢
is formed by being swelled to the direction of an inner side
opposite to the crankcase (that is, downwardly as viewed in
this figure). This part and the oil passage 9¢ constitute the oil
passage 91c¢ enabling the circulation of oil.

As shown in FIG. 4, an oil strainer mounting groove 91d
is depressed along the inner circumference in the oil passage
91c of the o0il pan cover 91. During a state in which the oil
strainer is mounted in the oil pan 9, the oil strainer mounting
groove 91d is nearly continued to the oil strainer mounting
groove 94 formed in the oil passage 9¢ of the oil pan 9, so
that the oil strainer 90 is frontwardly placed, as viewed in a
side view.

The oil strainer 90 is placed by performing the following
placement of end portions thereof in such a way as to realize
a large sectional area of the oil passage. That is, the end
portion at the side of the oil passage 9c¢ of the oil pan 9 is
placed upstream of oil flow from an end portion at the side
of the oil passage 91c¢ of the oil pan cover 91. Moreover, a
downstream side part of the oil strainer 90 with respect to the
direction of oil flow is obliquely and upwardly tilted.

In this figure, reference numeral 95 designates an oil
passage for supplying oil, which is formed in the oil pan 9.
Reference numeral 96 denotes an oil introduction hole.
Reference numeral 97 is an oil supply hole. Oil supplied
from a feed pump (not shown) is introduced from the oil
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introduction hole 96 is supplied from the oil supply hole 97
to a main oil gallery of a cylinder block (not shown) through
the oil passage 95.

Incidentally, reference numeral 98 is a drain hole formed
in the oil pan 9.

Next, an assembly work and a maintenance work of an oil
pan structure utilizing the oil pan structure according to this
embodiment are described hereinbelow.

First, in the case of assembling the oil pan 9 to the
crankcase lower part 7, the pipe portion 86 of the joint 85
attached to the intake port of the oil pump 38 is fitted into
the oil suction opening portion 82 formed in the oil pan 9.
At that time, the O-ring 89 is incorporated into the inner
circumferential side of the oil suction opening portion 82.
Thus, the pipe portion 86 and the oil suction opening portion
82 are detachably attached thereto through the O-ring 89 in
a state in which the inside of the oil passage 9¢ is hermeti-
cally sealed through the O-ring 89.

Thus, the joint 85 is not tightly fitted into the oil suction
opening portion 82. Consequently, the assemble-workability
is drastically enhanced.

Further, when the oil pan cover 91 is attached to the oil
pan 9, the oil pan cover 91 is attached to the oil pan 9 during
a state in which the oil strainer 91 intervenes in the oil
passage 91c¢ formed between the oil pan 9 and the oil pan
cover 91.

When the replacement and maintenance of the oil strainer
90 are performed, the oil strainer 90 can easily be taken out
only by removing the oil pan cover 91 from the oil pan 9.
Consequently, the workability can significantly be
enhanced.

Next, an operation due to the oil pan structure of this
embodiment is described hereinbelow.

Oil to be supplied to each parts of the engine 2 to be
lubricated is supplied from the oil tank 11¢ by a feed pump
(not shown) to each of the parts of the engine through the oil
filter 32. Then, the oil having finished to be used for the
Iubrication of each of the parts flows down in the crankcase
and further flows down to the oil pan 9. Finally, the oil is
stored in the bottom portion 9a.

The oil stored in the bottom portion 9a of the oil pan 9
flows into the oil passage 91c¢ from the oil introduction
opening portion 81. Then, the oil is sucked by the oil pump
38 through the joint 85 from the oil suction opening portion
82 through the oil strainer 90, the oil passages 91¢ and 9c.

At that time, the pipe portion 86 of the joint 85 is
communicated therewith in a condition in which the inside
of'the oil passage 9c¢ is hermetically sealed by the O-ring 89.
Thus, only the oil passing through the oil strainer 90 can be
sucked without mixing foreign object included in the oil pan
9 thereinto.

The oil sucked by the oil pump 38 is sent to the oil tank
1lc.

Thus, the oil used for the oil lubrication is once returned
to the oil tank 11c. Then, the oil is fed by the feed pump
again to each of the parts of the engine, which are to be
lubricated. Subsequently, the oil lubrication is repeatedly
performed.

With the aforementioned configuration, in the oil pan
structure for a four-cycle engine according to this invention,
the oil passages 9¢ and 91c¢ can be formed only by attaching
the oil cover 91 to the bottom portion 9a of the oil pan 9.
Thus, the height of the engine can be reduced. Moreover, the
oil pan structure, which excels in assemblability and work-
ability, can be realized.

Further, according to this embodiment, the connection
between the joint 85 and the oil passage 9c is achieved by
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a fitting method employing the O-ring 89 and to be per-
formed in a detachable manner. Thus, the flexibility in
mounting the crankcase lower-part 7 to the oil pan 9 is
increased. The assemblability can be significantly improved.

Furthermore, according to this embodiment, the opening-
side flange portion 87a is provided in the joint 85 in such a
way as to abut against an end portion of the oil suction
opening portion 82. This enables the O-ring mounting
portion to have a simple configuration. Moreover, the assem-
bly of the O-ring is facilitated.

Further, this embodiment is configured so that the oil
strainer 90 for preventing foreign objects from being sucked
intervenes in the oil passages 9¢ and 91¢, which are formed
from the oil pan 9 and the oil pan cover 91. Consequently,
the oil pan 9 can be configured by having a minimum
necessary shape without considering the placement of the oil
strainer.

Further, according to this embodiment, the oil strainer 90
is placed in the oil passages 9¢ and 91c¢ in a state in which
the strainer 90 is obliquely inclined to the direction of flow
of oil. Therefore, the intake resistance can be reduced by
setting the sectional area of each of the oil passages to be
large, while the height of each of the oil passages is limited
to a small value.

Next, a second embodiment of the invention is described
with reference to the accompanying drawings.

FIG. 7 is a side view illustrating the configuration of an
oil pan structure for a four-cycle engine according to the
second embodiment of the invention. FIG. 8 is a plan view
illustrating the configuration of the oil pan, which is taken
from below.

Incidentally, in these figures, an element designated by the
same reference character, which denotes a constituent ele-
ment of the first embodiment in the figures illustrating the
first embodiment, designates the same constituent element.
Thus, the description of such a constituent element is
omitted.

As illustrated in FIGS. 7 and 8, the second embodiment is
an oil pan structure for a four-cycle engine, which has a
configuration that is nearly similar to the configuration of the
oil pan structure according to the first embodiment. In the
second embodiment, the bottom portion 1094 of an oil pan
109 is formed by being swelled nearly like a part having
inner side faces of a circular cylinder to a side opposite to a
crankcase (that is, in a downward direction, as viewed in
these figures) from the mounting peripheral portion 1095, to
which a crankcase lower-part 7 is attached, toward a central
portion.

The bottom portion 1094 is formed by being most swelled
in a direction from the rear side of nearly a central portion
of a part extending in the direction of vehicle body width to
the front side. In this bottom portion, a concave oil passage
109¢ shaped like a cylindrical face protruded to a crankcase
(that is, is concave to the crankcase side, as viewed in an
external view).

The oil passage 109c¢ has a rear end portion, in which an
oil introduction opening portion 81 communicating the oil
passage 109¢ with the inside of the crankcase is formed as
an opening, and also has a front end portion in which an oil
suction opening portion 82 is formed at a place opposed to
the oil pump 38.

Oil strainer mounting groove 1094 for placing the oil
strainer 90 is formed in the vicinity of the oil introduction
opening portion 81 of the oil passage 109¢ so that the inner
circumferential surface of the oil passage 109¢ is depressed
like a groove extending in the circumferential direction.
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Along the outer circumference of the oil passage 109¢, a
mounting flange portion 109¢ for mounting an oil pan cover
191 (to be described later) is formed.

In the mounting flange portion 109¢, a concavely
depressed water jacket 192 is formed along the outer cir-
cumference of the oil passage 109¢ in such a way as to
surround the oil passage 109c.

The oil pan cover 191 for covering the oil passage 109¢
formed in the bottom portion 109a is provided in the swelled
bottom portion 109a.

The oil pan cover 191 is formed separately from the oil
pan 109. As shown in FIG. 7, a part opposite to the oil
passage 109¢ is formed by being swelled to the direction of
an inner side opposite to the crankcase (that is, downwardly
as viewed in this figure). This part and the oil passage 109¢
constitute the oil passage 191c¢ enabling the circulation of
oil.

Oil strainer mounting groove (not shown and correspond-
ing to the oil strainer mounting groove 914 shown in FIG.
4) is formed by being depressed along the inner circumfer-
ence in the oil passage 191c¢ of the oil pan cover 191. During
a state in which the oil strainer is mounted in the oil pan 109,
the oil strainer mounting groove 1914 is nearly continued to
the oil strainer mounting groove 1094 formed in the oil
passage 109¢ of the oil pan 109, so that the oil strainer 90
is frontwardly placed, as viewed in a side view.

As illustrated in FIG. 7, a concavely depressed water
jacket 193 is formed along the outer circumference of the oil
passage 191c¢ in a place opposed to the water jacket 192,
which is formed in the oil pan 109, in such a way as to
surround the oil passage 191c.

Union 194 serving as a flow tube communicated with the
water jacket 193 is provided on both the left and right side
walls in such a way as to project in the direction of width.
Coolant water piping 195 is connected to the union 194.

The second embodiment is configured as described above.
Thus, the oil pan structure for a four-cycle engine according
to the second embodiment has advantages similar to those of
the oil pan structure for a four-cycle engine according to the
first embodiment. The water jackets 192 and 193 are con-
figured in such a way as to surround the outer circumference
portions of the oil passages 109¢ and 191¢. Thus, the water
jackets 192 and 193 can effectively refrigerate oil at places,
which are far from sources for generating heat (for example,
a cylinder and a cylinder head), as oil coolers.

Further, according to the second embodiment, the coolant
water piping 195 communicated with the water jackets 192
and 193 is provided in a side wall portion of the oil pan cover
191. Thus, nothing projects to the bottom of the oil pan
cover 191, so that the engine can be provided in such a way
as to have a low height.

Incidentally, in the second embodiment, the water jackets
192 and 193 are formed along the outer side portions of the
oil passages 109¢ and 191c¢ in such a manner as to surround
side portions of the passages 109¢ and 191¢. However, the
invention is not limited to the structure employing such
water jackets. For example, the oil pan structure may be
configured so that a water jacket is formed on the bottom
portion of the oil pan cover 191, that is, the bottom portion
of the oil passage 191¢ thereby to refrigerate a wide area of
the oil passage and to enhance cooling effects.

Incidentally, although the engine employing the dry sump
method as an oil lubrication method is described by way of
example in the foregoing description of the aforementioned
first and second embodiments, the invention is not limited to
such an oil lubrication method. The invention can be applied
to the engine employing, for instance, a wet sump method.
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Further, although the engine mounted on the snowmobile
has been described by way of example in the description of
the aforementioned first and second embodiments, the
invention is not limited to the configuration and the con-
stituent parts of the engine. Needless to say, various modi-
fications can be made without departing from the spirit of the
invention. For example, the oil pan structure of the invention
may be employed in an engine to be mounted on a planing
boat. Further, the invention can be developed in another
vehicle such as a motorcycle.

As described above, the oil pan structure for a four-cycle
engine according to the invention can obtain excellent
effects that the height of the engine is reduced by construct-
ing a space-saving oil passage of a simple configuration, and
that the oil pan structure for a four-cycle engine, which has
good workability, can be realized.

Particularly, the invention relates to an oil pan structure
for a four-cycle engine to be mounted on a compact vehicle,
such as a motor cycle or a snowmobile. According to the
invention, there is provided an oil pan structure for a
four-cycle engine configured so that an oil pan is provided
in a lower part of a crankcase, that the oil stored in the oil
pan is sucked by an oil pump through an oil strainer, and that
oil lubrication is performed by supplying the oil again to
each of parts to be lubricated. In this structure, a bottom
portion of the oil pan is formed by being swelled nearly like
a bowl to a side opposite to the crankcase from an attaching
peripheral portion 96 toward a central portion. A cover
member covering a part of the bottom portion is separately
provided on a swelled portion of the bottom portion. An oil
passage is formed from the cover member and the bottom
portion. An oil introduction opening portion, which com-
municates the oil passage to inside of a crankcase, and an oil
suction opening portion, in which a communicate member
communicating the oil passage to the oil pump is provided,
are formed in the bottom portion. Thus, the suction of oil can
be performed without providing a piping for oil strainer and
an oil suction tube in the crankcase. Thus, the space of the
oil pan can be increased. More miniaturization thereof can
be realized.

Further, according to the invention, the oil strainer is
provided on the oil passage constituted by the oil pan and the
cover member. Thus, the mounting of the oil strainer can
easily be performed without fail. Consequently, troubles due
to vibrations can be constrained. Furthermore, more favor-
able workability can be obtained by providing the oil
strainer in the vicinity of the oil introduction opening
portion.

Further, according to the invention, the communication
member has a pipe member communicating the oil pump to
the oil passage, that an end of the pipe member is integrally
attached to the oil pump, and that the other end of the pipe
member is detachably attached to the oil suction opening
portion through a seal member. Thus, the pipe member is not
tightly fitted into the oil suction opening portion. This
increases the degree of flexibility in attaching the crankcase
lower part to the oil pan. Thus, the assemblability can be
drastically improved. Additionally, only oil passing through
the oil strainer can be sucked without mixing oil, which is
present in the oil pan, thereinto.

Furthermore, according to the invention, a coolant water
passage is formed in an outer circumferential portion of said
oil passage. That is, the invention obtains the following
excellent effect. That is, the oil cooler can be constituted in
the outer circumferential portion of the oil passage in such
a way as to have a simple configuration.
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What is claimed is:

1. An oil pan structure, for a four-cycle engine having an
oil pan connected to a lower part of a crank case and an oil
pump for sucking an oil stored in the oil pan through an oil
strainer and supplying the oil to parts of the engine for
lubrication, comprising:

a swelled portion formed on a bottom portion of the oil
pan by swelling the bottom portion to a side opposite to
the crankcase;

a cover member provided on the swelled portion for
covering a part of the bottom portion;

an oil passage configured by the cover member and the
bottom portion;

an oil introduction opening portion formed in the bottom
portion for connecting the oil passage and inside of the
crankcase, and

an oil suction opening portion formed in the bottom
portion having a communication member for commu-
nicating the oil passage and the oil pump.

2. An oil pan structure according to claim 1, wherein the
oil strainer is interposed between the cover member and the
bottom portion.

3. An oil pan structure, for a four cycle engine having an
oil pan connected to a lower part of a crank case and a oil
pump for sucking an oil pan through an oil strainer and
supplying the oil to part of the engine for lubrication,
comprising:
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a swelled portion formed on a bottom portion of the oil
pan by swelling the bottom portion to a side opposite to
the crankcase;

a cover member provided on the swelled portion for
covering a part of the bottom portion;

an oil passage formed from the cover member and the
bottom portion;

an oil introduction opening portion formed in the bottom
portion for connecting the oil passage and inside of the
crankcase; and
an oil suction opening formed in the bottom portion
having a communication member for connecting the oil
passage and the oil pump,
wherein the communication member has a pipe member
oil pump and the oil passage, and an end of the pipe
member is integrally attached to the oil pump, and the
other end of the pipe member is detachably attached to
the oil suction opening portion through a seal member.
4. An oil pan structure according to claim 1, wherein a
coolant water passage is formed in an outer circumferential
portion of the oil passage.
5. An oil pan structure according the claim 1, wherein the
oil sucked by the oil pump is sent to an oil tank.



